Two bacteriophages, designated G W6210 and JW2040, were isolated from decaying apples using Gluconobacter oxydans ATCC 621 and G . oxydans VPI 204JW, respectively. Electron microscopy showed that phage GW6210 belonged to group A and phage JW2040 to group C of Bradley's morphological classification. Phage G W6210 was unusually large, with a head diameter of 170 nm. Both phages contained double stranded DNA. The G + C content of the DNA of phage GW6210 was 29.3 mol % (T,,,) , and the size of the genome was approximately 250-300 kb. The size of the DNA of phage JW2040 was found to be 37 kb and the G + C content was 56-5 mol % (T,). The host ranges of both phages were determined using 54 Gluconobacter, 52 Acetobacter and three Pseudomonas strains. Only the Gluconobacter strains were hosts for these phages.
INTRODUCTION
The genus Gluconobacter, created by Asai (1939, includes the non-motile and polarly flagellated acetic acid bacteria, which are characterized by a capacity for incomplete oxidation of various organic compounds, principally alcohols and sugars. This physiological property makes the strains of this group particularly interesting in industry due to the production of partially oxidized compounds at relatively high concentrations and in high yields (Lockwood, 1979) . Although much work has been done on some strains of the genus (Cheldelin, 1961 ; Asai, 1968; Stroshane & Perlman, 1977; Ameyama et al., 1981; White & Claus, 1982) , many important aspects of their physiology are only imperfectly known, and our knowledge of other areas of their biology, such as genetics, is extremely limited.
Even though the activities of this bacterial group have been known to man for centuries, the first studies on the isolation and characterization of a bacteriophage for the genus Gluconobacter are very recent (Schocher et al., 1979; Robakis et al., 1985) . In this paper the isolation and properties of two additional Gluconobacter phages are described. Table 1 . Gluconobacter strains used to determine the host range of bacteriophages GW6210
and J W2040
All names are listed as received from the culture collection (see Methods) with the exception of the Gluconobacter sp. from CSIRO; this was received as an Acetobacter sp., but we determined in our laboratory that it had the characteristics of a Gluconobacter sp. [Only one species of Gluconobacter, G . oxydans, is recognized in Bergey's Manual ojSystematic Bacteriology (De Ley &Swings, 1984) .] The host range for both phages was determined by adding a drop of undiluted phage suspension onto a culture of the host organism. To test for individual plaques the samples were serially diluted and spotted until individual plaques were detected in the area spotted. Fifty-two Acetobacter and three Pseudomonas strains tested for phage sensitivity were negative and consequently are not listed. All strains were maintained on mannitol agar slants or in sorbitol stock vials (White & Claus, 1982) and were grown in mannitol or sorbitol broth at 28 "C with vigorous shaking. For long term storage, both bacteria and phages were kept in liquid nitrogen.
Media and buflers.
Mannitol medium (%, w/v): mannitol, 2.5; yeast extract, 0.5; Bacto-peptone, 0-3; pH 6.5: (unadjusted) . Sorbitol medium (%, w/v): sorbitol, 5 ; yeast extract, 1 ; Bacto-peptone (Difco), 1 ; pH adjusted to 6-0 with HCl. Phage dilution buffer (PDB): 30 mM-Tris/HCl, pH 8.0; 100 mM-NaC1; 10 mwMgC1,. TE buffer: 10 rnM-Tris/HCl, pH 8.0; 1 mM-EDTA. Dialysis buffer: 30 mM-Tris/HCl, pH 8.0; 10 mM-NaC1; 10 mM-MgC1,. SSC buffer: I50 mM-NaC1; 15 mM-sodium cjtrate, pH 7.0. Electrophoresis buffer: 40 mM-Tris/acetate, pH 7-8 ; 5 mM-sodium acetate; 2 mM-EDTA.
Phage isolation. Enrichment procedures used to isolate phages for the genus Gluconobacter are lengthy compared to conventional phage enrichment techniques, but we found them necessary to isolate Gluconobacter phages.
Decaying apples were gathered by reaching through a plastic bag so that the investigator did not touch the apples. Samples were stored at 4 "C until processed. Three to five apples from one source were blended for 30 s to 2 rnin in a sterile blender jar (two speed Waring blender, Waring, New Hartford, Conn., USA) with sufficient sterile water to allow the homogenate to be transferred with a pipette. The homogenate (10 mi) was aseptically added to sterile sorbitol medium (50 ml) in a 500 ml Erlenmeyer flask, and these suspensions were incubated with shaking for 36 h at 28 "C. In addition, these flasks contained 100 p.p.m. Acti-dione to inhibit fungi, which were frequently present in high numbers in these samples (Passmore & Carr, 1975) . The entire volume of this first culture was centrifuged for 10 rnin at 3000 g. The supernatant (25 ml) was transferred to double strength sorbitol medium plus Acti-dione (25 ml), and these flasks were incubated as before, for 36 h. This second culture was centrifuged as before and the supernatant was withdrawn. For each 10ml of supernatant recovered, 0.5ml chloroform was added and the mixture was vigorously shaken. The chloroform-treated sample was centrifuged at low speed to separate excess chloroform, and the aqueous phase was spotted on to soft-agar overlays. These overlays had been inoculated with Gluconobacter strains previously isolated from the same apple sample. Areas showing lysis were extracted and replated to isolate plaques. Phages were purified by plaque morphology, host range and morphological characteristics. PhagepuriJication. Bacteriophage JW2040 (0.1 ml containing 1-5 x 1Olo p.f.u. ml-l) was mixed with 0.1 ml of an overnight culture of Gluconobacter strain VPI 204JW in 3 ml molten mannitol agar (0.6% agar) and poured on base plates of the same agar (1.5%, w/v). After overnight incubation at 28 "C, 3 ml 10 mM-phosphate buffer (pH 6-8) was added to each plate, mixed with the soft agar overlay and scraped into a blender cup. The mixture was blended at low speed for 20 s, poured into an Erlenmeyer flask and incubated for 2 h at 28 "C with shaking. Bacterial and agar debris were removed from the mixture by centrifugation at 7000 g for 20 min. The supernatant (3 x lo'* p.f.u. ml-I) was centrifuged at 65000g for 90 rnin and the pellet was resuspended in PDB. The phage suspension was treated with pancreatic DNAase (2 pg ml-I) and pancreatic RNAase (1 pg ml-I) for 30 min at 30 "C and then centrifuged at 65000g for 90 min. The pellet was suspended in PDB (5 ml) and centrifuged at 7000g for 10min. The supernatant was overlaid on to a preformed CsCl gradient (densities 1.40, 1.54 and 1.70 g ~m -~) .
After centrifugation at 22000 r.p.m. in a SW27 rotor (Beckman) for 3 h, the phage band in the interphase between the 1-40 and 1.54 g cmA3 layers was recovered and dialysed extensively against dialysis buffer.
Bacteriophage GW6210 was propagated in Gluconobacter oxydans ATCC 621 on sorbitol medium, utilizing the agar plate method described for J W2040. After centrifugation at 7000 g for 20 min, the supernatant was treated with 10% (w/v) polyethylene glycol 6000 (Yamamoto el al., 1970) to precipitate the phage. The mixture was then centrifuged at 9000 g for 30 min, and the pellet was resuspended in PDB, treated with DNAase and RNAase as described above, and centrifuged at 60000 g for 1.5 h. The pellet was resuspended in PDB, and CsCl was added to give a density of 1.45 g ~m -~. The mixture was centrifuged at 144000g for 70 h in order to obtain a visible sharp band of bacteriophage particles, and the phage fraction was collected and dialysed extensively against dialysis buffer.
Extraction ojphage D N A . Both phages were suspended in a solution containing 20 mM-EDTA, 0.5 % (w/v) SDS and 0-5 mg pronase mF', and then incubated at 37 "C for 1 h (Maniatis et al., 1982) . Phage DNA was prepared by extracting the phage suspensions once with phenol equilibrated with buffer (100 mM-Tris/HCl pH 8.0), once with phenol/chloroform and finally with chloroform. Phage DNA was dialysed extensively against TE buffer and kept at 4 "C.
Cleauage oj phage DNA with restriction enzymes. DNA was digested with various restriction enzymes (New England Biolabs) at 37 "C according to the manufacturer's directions. The DNA fragments were separated on agarose gels using a horizontal gel apparatus (22 x 13.3 cm). The gels were stained with ethidium bromide (0.5 pg ml-I) and DNA bands were visualized under UV light (350 to 254 nm).
Melting curves. Melting profiles of DNA in 0-1 x SSC buffer were obtained using a Gilford model 2527 thermoprogrammer in conjunction with a Gilford model 250 spectrophotometer. Pseudomonas putida (ATCC 12633) DNA was used as standard. The G + C content of the phage DNA was calculated according to the equation mol% G + C = (T, -49.9)/0.48 (Klaus et al., 1979) . Electron microscopy. Purified phage GW6210 was mixed with tobacco mosaic virus (TMV) and a drop of this mixture was placed on a carbon-coated 400 mesh copper grid. Excess fluid was blotted with filter paper and a drop of unbuffered 1 % (w/v) uranyl acetate was placed on the grid. After 10 to 30 s the excess stain was withdrawn and the grid was air dried. Specimens were examined with a JEOL lOOc electron microscope operated at 80 kV. Samples of phage were also taken directly from plaques; these were prepared by touching a 48-h-old plaque with a sterile tooth pick and then rubbing the tooth pick on the surface of a sterile water droplet placed on top of a carboncoated grid. The sample was allowed to sit for 5 min and excess fluid was then withdrawn. Grids were stained immediately with uranyl acetate as described above. Phage JW2040 samples were stained with 2% (w/v) phosphotungstic acid (PTA) solution, adjusted with NaOH to pH 7-8 and examined as described above. DNA extracted from both phages was prepared by the classic monolayer technique of Kleinschmidt (1968) 
RESULTS AND DISCUSSION
Phage morphology, size and density. Phage GW6210 (Fig. 1 ) was assigned to Bradley's group A (Bradley, 1967) . The overall length was about 306 nm. Tobacco mosaic virus was mixed with the phage to serve as an internal standard for determining phage dimensions (Fig. 16) . Phage GW6210 had a 170 nm diameter polygonal head, a small distinct collar at the base of the head, a tail composed of a central core surrounded by a 34 nm wide by 136 nm long contractik sheath, and short tail fibrils attached to a base plate (Fig. lc) . This phage is so large that adsorbed particles are detected on cells when wet mount preparations are observed with a good-quality phase microscope. The only other bacteriophages of comparable size reported in the literature are those described by Johnson et al. (1977) for Caulobacter crescentus. These large Caulobacter phages were of two types. One had a prolate cylindrical head 18 nm wide and 210 nm long. It appeared to be a common phage type for Caufobacter, attaching only to the swarmer cells of this bacterium. The other large Caufobacter phage CR26 had more structural similarities to Gluconobacter phage G W6210, but it was slightly smaller. Continuous CsCl gradients showed that the buoyant density of phage GW6210 was 1.51 g ~m -~.
Phage JW2040 was assigned to Bradley's group C, and was substantially smaller than GW6210. It had a 58 nm diameter hexagonal head and a short non-contractile tail 16 nm long and 11 nm wide with several short whiskers (Fig. 2) . The buoyant density of this phage as determined by continuous CsCl gradients was 1.43 g ~m -~.
Plaque morphology and size. An optimum concentration of host cells was necessary before plaques from GW6210 phage could be seen on lawns of its host, G . oxydans ATCC 621. If too many cells were added to the agar overlays, host cells reached maximum turbidity and stopped growing before visible plaques were formed. If too few cells were used, the lawns did not become sufficiently turbid, and plaques were not seen. Phage GW6210 appeared to show two plaque types on strain ATCC 621 after 72 h incubation. Plaque-type A contained a 0-3 (k0.1) mm diameter clear central zone surrounded by a 3.5 (& 0.7) mm diameter turbid zone. Plaque-type B showed uniform turbidity and a diameter of 1-4 (k0.8) mm.
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, , , , ---GW6210 Fig. 3 . Thermal denaturation profiles of the DNAs isolated from phages GW6210 and JW2040.
The appearance of two possible plaque types suggested that more than one type of phage was present in our preparations of G W6210. After eight successive transfers from well-isolated type-B plaques, there was still an almost equal mixture of both plaque types. Infective phage were recovered only from the centre of each plaque type. Observations with the electron microscope showed only one phage morphology, and phage particles showed no significant variation in dimensions. Based upon these data, we concluded that (i) plaque types A and B were simply plaque-size variations formed by a single phage type, and (ii) turbid zones presumably resulted from lytic enzymes released during lysis.
Phage JW2040 produced hazy plaques 0.5 to 2 mm in diameter on its host VPI 204JW after 24 h incubation.
Phage G W6210 host range. We tested 54 strains of Gluconobacter, 52 strains of Acetobacter and three strains of Pseudomonas for infection susceptibility. Ten strains of Gluconobacter developed areas of lysis when high-titre phage stocks were spotted directly on lawns, but only four of these exhibited individual plaques when they were spotted with diluted phage stocks (Table 1) . Since phage GW6210 makes very small plaques on its most susceptible host (ATCC 621), it is possible that microscopic plaques developed on the remaining six strains, and were not detected. The remaining Gluconobacter strains and all Acetobacter and Pseudomonas strains were unaffected by this phage.
Phage JW2040 host range. Phage JW2040 was tested on 54 different Gluconobacter strains and 11 Acetobacter strains for infection susceptibility. The presence of plaques was detected in ten different Gluconobacter strains (Table 1 ). The remaining strains were unaffected by this phage.
Thermal denaturation studies. Thermal denaturation experiments provided evidence for the double-helical secondary structure of the phage DNAs (Fig. 3) . The melting profile of both phage DNAs displayed a narrow helix-coil transition typical of native double-stranded DNA.
Phage GW6210 DNA melted at 64.0 "C and its G + C content was calculated to be 29.3 mol%.
Phage JW2040 DNA melted at 77 "C, and its G + C content was calculated as 56.5 mol%. It is interesting to note that the G + C content of GW6210 phage DNA is also very different from that of its Gluconobacter host (56 to 64molX) (De Ley & Swings, 1984) and from the Gluconobacter phage A-1 DNA (54.6mol%) (Schocher et al., 1979) . The only other bacteriophages with similar G + C content are phages for the Gram-positive cocci and for endospore forming bacteria (Guay et al., 1981) . It is also possible that the low melting temperature of phage GW6210 DNA reflects the presence of unusual bases in the genome of this phage. According to Guay et al. (1981) unusual bases which lower the melting temperature or change the density of the DNA occur in a wide variety of tailed bacteriophages, including coliphage T2 and the Bacillus phages SP8 and PBSl.
Cleavage by restriction endonucleases. Phage GW6210 DNA was approximately 250 to 300 kb long as determined from the restriction fragments obtained after digestion with the enzymes
